Indirect systolic time intervals corrected for heart rate were measured at rest, during, and immediately after the isometric handgrip exercise in 70 patients with progressive muscular dystrophy, and these were compared with the values of normal subjects. Those with dystrophy included 47 patients with Duchenne type, 19 with limb girdle type, and 4 with facioscapulohumeral type, and each type was subdivided into 2 groups by the severity of the skeletal muscle involvement: 1) mild group, included patients who were still able to walk, 2) severe group, included those who were restricted to wheel chair or confined to bed.
Over a half of the patients of the severe Duchenne type group had a longer pre-ejection period (PEP), shorter left ventricular ejection time (LVET), and larger PEP/LVET ratio at rest than the normal group. Increased PEP/LVET ratio during and after isometric handgrip exercise was observed in the severe group of Duchenne type. The patients with limb girdle type and facioscapulohumeral type showed no signifificant difference in values of the systolic time intervals at rest and during hangrip exercise compared with the normal subjects. The measurements of resting and exercise systolic time intervals may be useful for clinical recognition of latent left ventricular functional impairement in subjects with progressive muscular dystrophy. 
MATERIALS AND METHODS
Seventy patients with progressive muscular dystrophy (PMD) were studied, which included 47 Duchenne type, 19 limb girdle type, and 4 facioscapulohumeral type.
Each type of patients was subdivided into 2 groups by the severity of the skeletal muscle involvement; 1) mild group, included patients who were still able to walk, 2) severe group, included those who were restricted to wheel chair or con- Simultaneous external phonocardiograms, electrocardiograms, external right carotid pulse tracings, and apexcardiograms were recorded in all patients in the right oblique supine position at rest, during handgrip exercise (45sec after the beginning of handgrip exercise), and immediately after exercise ( Fig. 1) . A Fukuda multichannel recorder (MR-80S) was used with a paper speed of 100mm/ sec.
The carotid pulse was obtained with a Fukuda Crystal Transducer held manually over the right common carotid artery. Phonocardiograms were obtained at the third or fourth left parasternal space with a Fukuda piezoelectric accelerometer and apexcardiogram was recorded at the apex. The following phases of the cardiac cycle were measured while recording at rest, during handgrip exercise, and immediately after exercise: 1) the total electromechanical systolic interval (QS2) was measured from the onset of the QRS complex to the first high frequency vibrations of the aortic component of the second heart sound: 2) the left ventricular ejection time (LVET) was measured from the beginning of upstroke to the trough of the incisura of the carotid arterial pulse recording: 3) the left ventricular preejection period (PEP) was derived by subtracting the left ventricular ejection time from total electromechanical systole (QS2-LVET). All intervals were calculated as the mean of 5 consecutive beats. Since the systolic time intervals of normal subjects are different between children and adults, we used the following method for the analysis of systolic time intervals in groups A and B.
For comparison with group A, normal regression equations relating heart rate (HR) and the QS2, LVET and PEP at rest were derived from the data of 120 normal Japanese children (age ranged from 6 to 12, the mean of 11.2 years) reported by us. 17) These date are as follows. in Table III and Fig. 4 . In group A, the PEP/LVET ratio in the severe group of Duchenne type showed an increase during handgrip exercise and returned to resting levels immediately after exercise. In this group, the PEP/LVET ratios at rest, during, and after handgrip exercise always showed increased values over the normal controls. The mild group of Duchenne type in group A showed a slightly increased PEP/LVET ratio during and after handgrip exercise as compared with the normal cotrols. In group B, the severe group of Duchenne type also showed a slightly increased PEP/LVET ratio during and after handgrip exercise as compared with normal controls. In other types of PMD in Group B, the PEP/LVET ratio changed within the normal ranges during and after handgrip exercise. Recently many investigators have reported that the systolic time intervals on the polygraphic recordings are useful for the evaluation of the cardiac function.10)-14) However, to our knowledge, there has been no precise report of the systolic time intervals in patients with PMD by this method.
In the present study, the marked abnormalities of the systolic time intervals were observed in the group of severe Duchenne type as compared with other groups of PMD. The mean LVET was shortened and the mean PEP lengthened in both A and B groups with severe Duchenne type. The mean PEP/LVET ratio was increased in group A with severe Duchnne type. These data indicate that in the group with the severe Duchenne type left ventricular function is decreased. We think that careful observation and treatment are necessary for these patients who show the abnormal systolic time intervals.
For the purpose of further evaluation of the systolic time intervals, we measured the systolic time intervals at rest, during and immediately after handgrip exercise.
Handgrip exercise increases the heart rate and blood pressure and imposes a pressure load and larger oxygen requirement on the left ventricle. Although the hemodynamic changes during handgrip exercise were well studied,24)-26) the effect of handgrip on the systolic time intervals in normal adults was different according to the reports.27)-31) Houston27) and Frank28) reported an increased PEP/LVET ratio, Grossman et al29) reported a decrease and Siegel et al30) and Stephadorous31) reported insignificant changes during handgrip exercise. Siegel et al30) reported the study of the systolic time intervals at rest and during handgrip exercise in 6 normal subjects, 27 patients with coronary atherosclerotic heart disease and 6 patients with idiopathic congestive cardiomyopathy. In their study, the PEP/LVET ratios at rest were significantly higher in the groups with coronary heart disease and cardiomyopathy than in normal subjects. However, the ratio did not markedly change during handgrip exercise.
In this respect, they concluded that the response of systolic time intervals to isometric exercise did not appear to differentiate between patients with atherosclerotic heart disease or cardiomyopathy and normal subjects, and resting systolic time interval determinations appeared to be more valuable. In our study, the group A patients with the severe Duchenne type showed an increased PEP/LVET ratio at rest, during and immediately after exercise in comparison with the normal control. Although the mean resting PEP/ LVET ratios were within the normal limits in those in group A with mild Duchenne and in the group B patients with severe Duchenne, the ratios slightly Vol.20 No.1 SYSTOLIC TIME INTERVALS 31 increased during and immediately after handgrip exercise when compared with the normal controls. The ratios of the other groups of PMD were within normal ranges. We are now following up those patients and checking their systolic time intervals at several months' intervals. We think the measurement of resting and exercise systolic time intervals may be useful for clinical recognition of latent left ventricular functional impairment in subjects with progressive muscular dystrophy.
An additional advantage is that these noninvasive methods can be recorded without difficulty and can follow-up the patient with repeated recordings.
